Abstract-This paper takes Shenzhen Futian comprehensive transportation junction as the case, and makes use of continuous multiple real-time dynamic traffic information to carry out monitoring and analysis on spatial and temporal distribution of passenger flow under different means of transportation and service capacity of junction from multi-dimensional space-time perspectives such as different period and special period. Virtual reality geographic information system is employed to present the forecasting result.
I. INTRODUCTION
With increasingly expanded urban size, the modes of road transportation become diversified. The inventory of various motor vehicles keeps sharply increasing, resulting in rapidly increased demands of people for urban traffic and substantial increase in traffic flow. Road infrastructures, traffic control and traditional traffic patterns already can not adapt to development needs of urban traffic. Traffic jam and other issues become more and more serious day by day. At the same time, urbanization also aggravated the issue of urban environmental pollution. At present, the smart traffic application system has been gradually perfected in various fields. However, system information in different fields can not be shared. The collected data failed to give play to its deserved value or provide comprehensive support to the governmental decision making and management, or provide guidance for going out of citizens. Moreover, it is difficult for effective traffic dispersion, resulting in difficulty in giving full play to the effectiveness of traffic infrastructures.
The appearance of new technologies (such as the Internet of Things and cloud computing) brought forth opportunities to the development of smart traffic. Smart traffic is an integrated transportation system effectively integrating various technologies represented by the Internet of Cars and cloud computing (such as intelligent sensing technology, information network technology, communication transmission technology and data processing technology) and applying these technologies into the whole transportation system for the purpose of playing a role in a larger space-time range. Compared with intelligent traffic, smart traffic not only accumulated and passed data but also laid much emphasis on data utilization and exploitation as well as traffic analysis on information, knowledge discovery and decision-making reaction. Moreover, smart technology was used to replace some traditional tasks needing manual identification and determination, so as to achieve the optimization. Additionally, under the development of the Internet of Cars, smart traffic attached much importance to the maximized interconnection and interworking between the traffic information system and other information systems. Thus, it can be seen that further high-efficiency management and deep analysis of traffic data is a key task for the development of smart traffic. It is necessary to summarize and integrate traffic information from different fields and sufficiently exploit the mass information, so as to remit traffic congestion and guarantee traffic safety as well as fast and environmentally-friendly traffic.
The transportation junction refers to the comprehensive facilities established at the junction of two or above lines on one transportation network, or established at the join of several kinds of transportation network, with the functions of transportation organization, transfer, loading and unloading, storage, and information service, etc [10] . The urban comprehensive transportation junction is the important node of urban transportation network, and the efficient management on urban comprehensive transportation junction is the important link to improve urban public traffic system, solve residents transfer, and improve the service quality of public traffic.
As an important part of urban transportation system, the urban passenger terminal is an important joint-point for urban internal traffic and external traffic [44] . The urban passenger terminal often gives a comprehensive consideration on urban external highway passenger transportation and urban public traffic, private transportation, as well as railway, aviation, and other external passenger transportation, in order to establish an organic passenger transportation and bring important benefits to urban development [27] . The reasonable planning and design and efficient management on urban passenger terminal are the important link to improve urban public transportation system, solve residents transfer, and improve the service quality and operation benefits of public transportation [8] .
Virtual Reality Geographical Information System (VRGIS) can obtain the landscape geospatial data dynamically, and also perform rich visual 3D analysis and data managements based on Geographical Information System (GIS) data. Accordingly, '3-D modes' has been proved as a faster decision making tool with fewer errors [29] . A parallel trend, the utilize of bigdata is becoming a hot research topic rapidly recently [1] . GIS data has several characteristics, such as large scale, diverse predictable and real-time, which falls in the range of definition of Big Data [3] . Besides, to improve the accuracy of modeling, the city planning has an increasingly high demand for the realistic display of VR system, however this will inevitably lead to the growth of the volume of data. Virtual scene from a single building to the city scale is also resulting in the increased amount of data. In addition, the concern of usability of WebVRGIS has attracted the attentions to a new challenge, which is fusing all kinds of city information big data by WebVRGIS platform, and thus exploiting the data effectively. Beside massive multi-source spatial data fusing, interaction approach for geo-databases is also expected [2] . Therefore, the management and development of city big data using virtual reality technology is a promising and inspiring approach. Some early related systems from both academy and industry have inspired our work [40] [26] [33] [32] . As a practical tool, most commonly used functions of VRGIS are improved according to practical needs [15] .
II. SYSTEM
The smart traffic cloud service platform is a comprehensive service platform providing timely and abundant traffic information to all categories of traffic participants. The platform was established on the basis of increasingly mature cloud computing technology and the Internet of Things technology. It radically solved disadvantages of the traditional information platform, such as insufficient information processing capability and unsmooth information interaction channel.
The smart traffic cloud service platform is aimed at unified management and mining analysis of mass multi-element isomeric dynamic traffic information, provision of real-time traffic information, improvement to the utilization of traffic information, promotion of the traffic management and travel information service level and provision of supports to traffic management decision making.
Fully integrate traffic resources, systematically process and manage multi-element isomeric traffic data, support interconnection and interworking between traffic data and other information systems, promote mutual collaboration between various traffic functional parts and industrial parts, and promote sharing and the maximum utilization of resources;
Utilize the cloud platform to realize storage and computing of mass traffic information; it not only solved the practical issue of the failure of the current traffic to store mass traffic information but also gradually realized real-time computing and analysis of mass traffic information through strong computing capability of the cloud platform; provide real-time and stable network service to intelligent traffic departments;
In-depth data mining and analysis of multi-source data; it not only enables traffic management personnel and traffic participants to master and understand real-time traffic conditions but also continuously makes comparative analysis on real-time data and historical data, making them to master and understand variation trends and identification abnormities of traffic conditions; upon long-term analysis, it demonstrated for traffic organization and traffic planning in the earlier stage.
The data on smart traffic is sourced from multiple data collection modes: real-time traffic flow information (including speed, flow, occupancy and emergency alarming) of the detected road segment provided by the video detection system, sensibility coil, infrared detection system and others distributed on the road network, floating car data (mainly including records of GPS mounted on taxies, buses and private cars), comprehensively and continuously provided real-time traffic flow information of the whole traffic network, car state information, pavement condition information, road acoustic environment and road air quality provided by the information collection module at the front end of the Internet of Cars, bidirectional transmission information of multiple levels (for instance, car car, car roadside equipment and car information platform) collected by the platform of the Internet of Cars. All these information collection means jointly generated mass multi-element isomeric dynamic traffic information.
The transportation system is a continuously dynamic complex giant system. The development of information technology makes it possible for us to continuously observe this complex system and record its dynamic process. The floating car data (mainly including GPS positioning record installed on taxis, buses, and private cars) which has rapid development in recent years provides the real-time traffic flow information of whole transportation network in a more comprehensive and continuous way [30] ; the personal mobile phone positioning data under exploration has great potential in getting a detailed knowledge of residents trip characteristics and real-time detection of traffic flow [36] . Those information acquisition means produce massive real-time dynamic traffic information.
The real-time dynamic traffic information includes two features, that is, real-time and dynamic. The real-time refers to immediate acquisition, processing, and release of information, and the dynamic refers to the situation that the acquisition, processing, and release of traffic information continuously change with traffic condition on one hand, and the comparison and analysis of historical data are continuously made on the other hand. There is no doubt that the intelligent transportation system is the only road for modern society to improve traffic environment. Besides, the acquisition, analysis, and release of real-time dynamic traffic information are a key technology and basis to develop intelligent transportation system.
In this work, we utilize Futian comprehensive transportation as a convincing case to present WebVRGIS [22] , which is based on WebVR render engine [25] . Shenzhen is a thirtyyears new city, however, it has the highest population density in China, which reaches 7785 people per square kilometer (2013). It causes some embarrassments to the city information management [14] . While virtual environments have proven to significantly improve public understanding of 3D planning data [6] . To share of information resources of all departments and the dynamic tracking for the geospatial information of population and companies, by construction an integrated information platform of social services. The use of virtual reality as visual means changed the traditional image of the city [7] .
The geographic statistical analysis is to assist management decision-making and conduct data analysis. The 2D statistical analysis visualization is overlapped with a white background on 3D virtual reality environment, since it's more intuitive and a cognitively less demanding display system, which lessens the cognitive workload of the user [29] .
The innovation points of this work include, real-time dynamic comprehensive transportation data mining, threedimensional GIS analysis and release as for transportation junction; Carry out comprehensive assessment on service scope of junction through analyzing long-term dynamic traffic data; Carry out comprehensive analysis on actual travel time and then comprehensive assessment on service capacity of public transportation (accessibility and reliability).
Spatiotemporal database model and visualization has been considered in the design of the system [43] .
A. Traffic basic information management subsystem
This subsystem is used for centralized management of traffic-related urban space data resources and establishment of multi-scale and multi-resolution space information infrastructure databases, including the vector database, satellite image database, 3D model database and traffic facility database of urban road network. Under the support from the 3D traffic geographic information system, this subsystem provides various functions, such as map visualization, information inquiry and information updating of various types of traffic basic information.
B. Dynamic traffic information processing subsystem
This subsystem is connected with the traffic information collection port. On the one hand, this subsystem is used to provide data acquisition and preprocessing functions of dynamic traffic data (such as loading, updating, converting and faulttolerance processing). On the other hand, it is used to provide various models for data integration, for instance, weight fusion, historical analysis, time-space complementation, microcosmic traffic flow transmission model and regional network traffic flow analysis model.
C. Dynamic traffic network analysis subsystem
This subsystem is used for traffic flow analysis and forecasting of the whole network on the basis of output results from the dynamic traffic information processing system. Its functions include analysis on congestion conditions of various road segments, judgment on the severity of traffic events, forecasting of time-space impact scope of traffic events, forecasting of modes of transportation of the whole network after several minutes or hours (including road traffic, rail traffic and common public transportation) and designating of real-time accessibility of network nodes.
D. Planning decision making auxiliary subsystem
This subsystem is used to provide statistic analysis on long-term traffic flow and traffic events of appointed network nodes (such as daily car/ passenger flow, different-period car/ passenger flow and traffic accident statistics of a certain road segment or traffic hub), so as to make it convenient for supervision departments to understand long-term conditions of the whole traffic system or some important nodes and take this as the basis for decision making. Besides, time-space trace data of each car in the road network provided by the Internet of Cars is utilized to form a continuous and comprehensive motor vehicle travel OD database. This database is used in combination with card data on public transportation, so as to provide a comprehensive travel OD database about modes of transportation of citizens. On this basis, this system provides the OD analysis function of various modes of transportation, providing important decision making supports to traffic planning. Additionally, this system is used for analysis on travel behaviors of population, taxi path, incidence degree of public transportation and road travel speed under special weather conditions (such as rainstorm, typhoon and heavy fog) and in special periods (such as festivals and holidays and important events), so as to provide the analysis and forecasting function of abnormal traffic flow.
E. 3D traffic geographic information subsystem
This subsystem is used for 3D visualization of spatial information and data analysis results. It is of basic functions of the 3D geographic information system, including selection of object, various operations, setting of time and sun, underground mode, coverage control, horizontal distance measurement, spatial distance measurement, vertical distance measurement, area measurement, setting of navigation mode, setting of 3D mode, setting of indoor navigation mode, setting of eagle-eye map and landform video. In addition, this system also supports hierarchical 3D visualization expression & query of multi-scale traffic network flow congestion conditions, 3D visualization expression & query of various traffic events, visualization of decision-making plan and traffic analysis model based on 3D space data model.
III. METRO PASSENGER FLOW FORECASTING
The passenger flow forecasting refers to the index which reflects the demand characteristics of traffic passenger flow via forecasting the cross sectional flow of urban transport lines within certain period and inter-station OD. Upon planning the traffic network, the passenger flow analysis result of different traffic network schemes is the main content based on which the line network is selected.
Peoples travel demand is the unity of randomness and regularity, and it is reflected in large quantity of statistical data. Therefore, it is difficult to accurately forecast the passenger flow in one day; however, the forecasting can be made within certain confidence, which is also the starting point of forecasting. There are many kinds of traffic passenger flow forecasting models, and the common models include regression forecasting model and time series prediction model [13] [16] [12] [28] . In the observation period of this research, the metro passenger flow shows strong regularity and stability without long-term change trend; therefore, this research adopts regression forecasting model to forecast the metro passenger flow. While we forecast the passenger flow, there may be many independent variables which have influence on the result of dependent variable (passenger flow), but the actual situation is that it is only allowed to find out several independent variables which have important influence on the dependent variable and ignore other independent variables. In specific application, it is required to screen out some main independent variables which cause influence on the result of dependent variable for research and analysis, and the analysis of variance theory is applied in this screen-out process.
The analysis of variance is a kind of statistical analysis method in which the analysis and processing is made for significance of difference in mean values of some sets of experimental data. The passenger flow samples are different in different periods in each day; therefore, it is able to know that the date and period are 2 variables which influence passenger flow; through dual-factor analysis of variance, it is able to determine whether these two factors are important factors which influence passenger flow and then regard them as input variables in later forecasting analysis if so.
Due to difference in inbound and outbound metro passenger flow, this research carries out forecasting modeling and model validation on inbound and outbound passenger flow respectively.
For outbound traffic, predictive modeling and model validation contain the following steps:
1. Outbound traffics of four weeks with normal data at each time period in July and August are selected as modeling samples.
2. All modeling samples are of repeatable double factor variance analysis in terms of day of week and time period, and results are as follows:
According to Table I , the sample group has p − value = 2.49E − 81 0.05, and thus its traffics have significant difference, i.e. outbound traffics at different time periods from Monday to Sunday have significant difference; traffic of each time period within the group p − value = 1.2E − 153 0.05, and so there is also significant difference among outbound traffics at all time periods within the group. Thus, both day of week and time period can be considered as influencing factors of outbound traffic. .. = t 7 = 0, dependent variables denote outbound traffics of the first time period; when t 2 = 1,t 1 = t 3 = ... = t 7 = 0, dependent variables denote outbound traffics of the second time period; reason by analogy; when t 1 = t 2 = t 3 = ... = t 7 = 0, dependent variables denote outbound traffics of the eighth time period. a i , b i , c i , d i are independent variable parameters and constant terms of these four models respectively. Table II , results of predictive model of outbound traffics at time period from Monday to Thursday are as follows:
To further test differences in traffic changes within

By modeling with sample data in
According to Table II , predictive model of outbound traffics at time period from Monday to Thursday has Adjusted R Square=98.77%, i.e. this model can explain 98.77% of sample data; the entire model has statistical significance at level α = 0.05; all parameters of the model have p-value smaller than 0.05, which means that all of these parameters have statistical significance at level α = 0.05. Similarly, modeling results of outbound traffics at time periods of Friday, Saturday and Sunday are as follows: predictive model of outbound traffics on Friday has Adjusted R Square=98.62% and statistical significance at level α = 0.05, and all of its parameters have p-value smaller than 0.05; predictive model of outbound traffics on Saturday has Adjusted R Square=91.43% and statistical significance at level α = 0.05, and all of its parameters have p-value smaller than 0.05; predictive model of outbound traffics on Sunday has Adjusted R Square=94.41% and statistical significance at level α = 0.05, and all of its parameters have p-value smaller than 0.05.
To sum up, predictive models of outbound traffics at four time periods from Monday to Sunday have good imitative effects of sample data and are expressed as follows: (1 Outbound traffics at time periods with normal data within a week of August are selected as model validation samples, and such data includes:
Validate prediction formula with validation samples and calculate the accuracy of each independent predicted value with absolute percentage error (APE): APE = 100% × predictedvalue − actualvalue /actualvalue. Validation results are as follows:
As can be known from Table IV, the mean error of predictive model of subway outbound traffics at different time periods is 7.88%, and thus this model has good validation effects.
IV. GRAPHIC USER INTERFACE
With a 3D earth model as the browser, this system is loaded with all 3D model data and the 3D visualization analysis result. By zooming in the camera horizon with 'Zoom in' function, it is possible to see the detailed level of buildings. By selecting the house inquiry, it is possible to find out the information of the address and owner, and to locate the house in the 3D scene. 3D roaming function can not only conduct soaring top view observation above the virtual community [18] [41], but can also observe the detailed layout near the street, and further enter the building to observe the internal building structure. In addition to the observation of above-ground model, it can also observe and manage the underground data under the city ground.
With Futian comprehensive transportation junction with the function of a car harbor in the earliest time in Shenzhen, this research utilized continuous multi-element real-time dynamic traffic information (including data on taxi and floating car, card data on public transportation and information about longdistance passenger transportation) to monitor and analyze the passenger flow spatial and temporal distribution and the service capability of different modes of transportation in the junction in different time frames and special periods. Moreover, multielement real-time dynamic traffic information was subject to management and analysis of the 3D geographic information system, providing technical supports and case reference to the construction of the urban traffic data management and analysis system. Several key issues have been solved as followed.
V. TRAFFIC INFORMATION FAULT-TOLERANCE
PROCESSING
Due to work breakdown, deviation and other reasons of traffic detector and transmission devices, traffic data inevitably involves error, missing and other problems. Therefore, the platform is used to detect the original data, remove abnormal data and repair incomplete data, guaranteeing data integrity and correctness.
Fault-tolerance processing mainly includes judgment on obliterated data, identification for abnormal data and repair of incomplete data. Obliterated data is mainly judged by continuously scanning dynamic data in a certain period of time according to set data collection time and format. In the abnormal data identification process, the abnormal data is distinguished whether it belongs to equipment failure data or correct traffic abnormal data caused by traffic events, abnormal weather or other reasons. For repair of incomplete data, mathematical model is used for analysis and forecasting, so as to supplement the incomplete data.
VI. MULTI-ELEMENT ISOMERIC TRAFFIC DATA
INTEGRATION
Collection modes of traffic data include floating car, camera, radar, microwave and manual labor. Data collected from different sources is different in structure, accuracy, position and time. As a result, multi-element isomeric traffic data must be subject to data integration before traffic analysis. With the development of the Internet of Cars and other intelligent sensing technologies and network communication technology, the multi-element isomeric feature of traffic data is highlighted day by day, resulting in greater challenges to data integration.
Various types of data are taken full advantage of by improving data accuracy and the network coverage of data. On the one hand, space data is subject to complementation, mutual verification and superposition computing through various data models and statistical models, so as to process multi-source data and form more comprehensive traffic description. On the other hand, with dispersed cars as basic description unit, the collected road segment is subject to more accurate data integration from a microcosmic perspective, so as to obtain more accurate traffic information.
VII. MASS TRAFFIC INFORMATION STORAGE AND
COMPUTING
Traffic data is of huge capacity, diversified sources and frequent updating. It is the important technical guarantee for the construction of smart traffic to effectively store and manage this mass data and make it meet the requirements of the traffic system application for high availability and high reliability. For storage of mass data, it is necessary to establish a database featured by rapid and convenient query and management and realize high-efficiency data transmission under limited network bandwidth. At the same time, it needs supports from a highperformance computer platform for acquisition, integration, analysis and application of mass traffic data, so as to analyze and forecast dynamic traffic flow in real time.
Real-time analysis and forecasting of traffic flow is always a difficulty in traffic analysis. Changes in traffic network are rapid and complicated. With the improvement to the updating speed of dynamic traffic data, there are higher and higher requirements for real-time analysis and forecasting of the traffic capacity of various modes of transportation. On the basis of data integration, this platform is used to analyze the congestion degree of the road network, judge the severity of traffic events, forecast the time-space impact scope of traffic events and forecast the road segment speed of various modes of transportation in the whole network after several minutes or hours.
VIII. CONCLUSION
With the development of 3D geographic information system and peoples direct demands for 3D scene, it is an inexorable trend to establish a 3D traffic geographic information system. This platform supports hierarchical 3D visualization expression & query of multi-scale traffic network flow, 3D visualization expression & query of various traffic events, visualization of decision-making plan and research on spatial analysis model based on 3D space data model. This platform utilizes virtualization, distributed computation and cloud technology to guarantee safe and stable operation of the system, improving security and disaster tolerance of data and the system to the maximum extent. Based on the system framework of cloud computing, this platform broke through the performance bottleneck of the traditional system, realizing real-time detecting and intelligent monitoring of traffic information and easy processing of mass data, and meeting the high performance needs of mass dynamic traffic information for real-time processing. It is characterized with strong application load adaptability, wide compatibility and easy expansion. This platform is compatible with multichannel information distribution modes (including PSTN, Internet and 3G wireless) and supports such information distribution terminals as PC, PDA, mobile phone and tablet PC.
IX. FUTURE WORK
Through long-term monitoring and analysis, the long-term transportation junction demand model, and long-term passenger flow forecasting and early-warning model are established under the condition of combing with economic development and urban planning. The analysis is made on population travel behavior, taxi route, degree of influence on public bus, and road travelling speed under special weather conditions (such as rainstorm, typhoon, and heavy fog, etc.) The deeper data mining is made, such as emergency evacuation aided decision support, monitoring and forecasting on large-scale group event, assisting crowd and vehicle evacuation under emergency. The system also support ocean data visualization [31] [23] [24] , which has potential to extend to ocean traffic forcasting system. The separated core technology of our system also has potential to be applied into other fields, such as climate [34] , biology [35] , clinical assist [19] . Some novel interaction approaches are considered to be integrated in our future work [17] [21] [20] . The new network data management algorithm [37] [38] [11] , smart grid system [5] [4] , data classification method [9] , pedestrian detector technology [39] and stereoscopic 3D visualization approach [42] will be also considered.
